Structural coexistence in TPA on Cu(100) To understand the intensity mismatch discussed in the main text, we refer to the literature. At submonolayer coverages, the TPA molecules prefer to form commensurate (3×3) islands [1] [2] [3] . However, more recent investigations have reported on the existence of other metastable phases [4] . The coexistence of various structures must affect the relative intensity of the bands, since: (i) changes in coverage can modify the metal-adsorbate interactions (e.g. different adsorption sites) and (ii) the intermolecular interactions are usually different from one structure to the other.
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In order to prove the existence of a direct correlation between relative vibrational intensities and coverage, we calculated the adsorption of TPA when forming a hypothetical (4×4) structure. In this structure the molecules are also adsorbed preferentially on hollow sites. This means that the major contribution to changes in frequencies and intensities comes from varying the intermolecular interactions with respect to the previous (3×3) structure (see Figure 1a) . The resulting calculated spectra for TPA at 3×3 and 4×4 coverages are shown in Figure 1b . Here we clearly observe that the overestimated signal of the γ CH at ∼850 cm −1 is quenched from the (3×3) to the (4×4) coverage. This is mainly attributed to weaker [CH· · · O] interactions at (4×4) than at (3×3) coverage (schematically represented in Figure 1a ). This effect is observed for the spectra obtained using the harmonic correction, and also for those resulting from applying anharmonic corrections. The coexistence of diverse structures could explain the mismatch between the calculated and experimental intensities of the γ CH signal.
Choice of density functional
To assess the importance of the functional of choice in predicting accurate vibrational intensities and frequencies, we compare the simulated spectra obtained using PBE and optPBE-vdW for each of the previous systems. No significant differences between the PBE and optPBE- vdW values (frequencies and intensities) are found for the two chemisorbed systems, ethylidyne on Rh(111) and benzene/CO on Rh(111). PBE and optPBE-vdW provide the same poor results when using the harmonic approximation (orange dashed and solid lines in Figure 2 ). For both methods the intensities of the overestimated bands associated to the C−C (for the ethylidyne system) and C−O stretching (for benzene/CO system) are significantly improved when using anharmonic corrections (dashed and solid blue lines in Figure 2 ). In contrast, for TPA on Cu(100), large differences in intensities are found between PBE and optPBE-vdW (Figure 2c ). When comparing with the experiments we notice that the optPBEvdW functional seems to provide an accurate description of the intensities. This is not the case for PBE for which we find a large overestimation of the intensity of the band of the carboxyl C−C stretching (ν CC ) at ∼1230 cm −1 (even when applying anharmonic corrections). This suggests that PBE is not accurate enough to provide a good description of this system. This is expected since DFT-GGA methods (such as PBE) poorly describe the adsorption of aromatic molecules on weakly interacting substrates [5] [6] [7] [8] .
A good description of the geometries is required in order to obtain accurate spectra. A comparison between the geometries obtained when using PBE and optPBEvdW is included in Table I . Here we notice that the geometry values for the chemisorbed systems obtained with PBE and optPBE-vdW correspond to each other and also are in agreement with the experimental values reported in the literature [9, 10] . All calculated distances and angles for the ethylidyne on Rh(111) system are within the experimental uncertainties (Table I) . For the benzene/CO on Rh(111) system the highest discrepancies between experiment and theory are 0.065Å for PBE and 0.051Å for optPBE-vdW. This correlates the excellent match between theoretical and experimental geometries with the high accuracy of the calculated spectra. One the other hand, some of the calculated geometric values for TPA using PBE are very different to those obtained when using optPBE-vdW. The largest differences are found for the C 3 −C 4 (∼1.43 %) and O−Cu (∼1.95 %) bonds. This would explain the large intensity difference between PBE and optPBE-vdW for the peak associated with the carboxyl C−C stretching (ν CC ). The accuracy of these methods cannot be directly evaluated, since no experimental geometry has been reported yet for TPA on Cu(100).
However, one would expect PBE to be less accurate than the optPBE-vdW method, since the latter accounts for vdW interactions. In any case, the spectra obtained using the more sophisticated method (optPBE-vdW) are in agreement with the experiments, whilst the PBE seems to provide a large overestimation of some bands. These Figure 3 . Definition of the atom labels used in Table I .
results suggest that the origin of the erratic values obtained for TPA on Cu(100) must be related to a bad description of the PBE geometries. These results are of relevant interest for two reasons. First, they demonstrate that the choice of functional can affect the quality of the spectra. Therefore, the functional has to be chosen wisely in order to obtain accurate spectra. Second, these results open the question of whether simulation of spectra can be used to indirectly asses the quality of the functionals. For example, optPBE-vdW spectra are in good agreement with the experiments for the three systems, whilst PBE seems to fail to describe the spectra of the TPA system. Since the quality of the spectra is directly related to the quality of the geometries, the comparison between experiments and theory could serve as a diagnostic tool to evaluate how good or bad a method is for describing a given system.
